Introduction
Wool is an important rural commodity manually harvested by shearers, sorted by wool handlers, pressed into 180 to 200kg bales for market purchase, and ultimately processed into yarn, cloth and other tertiary products. Recent investigation of skill and low back pain (LBP) in shearers demonstrates that skill can discriminate for differences in working posture and lifetime prevalence of occupational LBP. Shearers with a history of LBP also demonstrated significantly greater left medio-lateral and axial twist moments during their work tasks. Recommendations were made for industry training organisations to focus on reducing positional asymmetry from the flexed working postures of shearers.
There has been very little research on the injury risk or biomechanical, ergonomic or physiological demands of wool handlers (Gregory et al. 2009 ). Workplace observation ( Figure 1 ) reveals a predominantly female workforce working in a variety of repetitive postures (often stooped) picking up in excess of 200 fleeces per day, each weighing between 5 to 10kg, and "throwing" these onto wool sorting tables where they are prepared, graded, and separated into various quality components. Gregory et al (2009) However, no examination has been made of trunk postures and associated loads on the spine.
Insert Figure 1 about here
The aim of this study is to investigate the spinal loads and trunk postures of wool handling and to determine whether skill and/or LBP have any influence on these variables. During these competitions each wool handler's competitive score is formally judged on both the time taken to process the fleece and the quality of the processed fleece (Shearing Sports Inc. 2008 , TECTRA NZ 2008 . The wool handlers were recruited during the peak summer shearing season where there are considerable numbers of resident and itinerant workers harvesting wool and competing in regional wool handling competitions for peer and potential upward revision of skill. As this is common practice for most of the work force the participants in this study were accepted as a valid representation of wool handlers in New Zealand. The tasks undertaken during the competition were accepted as being representative of actual workplace conditions and while the emphasis is on two main parameters: quality of the sorted wool and the time taken to process and sort the wool this study only sued the temporal and postural properties of the required tasks for analysis, Each wool handler was registered with Searing Sports administration (Shearing Sports Inc, 2008; TECTRA NZ, 2008) and their previously judged ranking (junior, senior & open class -based on the above parameters) used as the entry criteria for competition at that skill level.
Method

Participants
Each wool handler was videotaped while processing three fleeces during their competitive heats. Their tasks involved gathering, preparing, grading, and separating the various wool components of the fleece -in a manner similar to that required in their working environment. They were videotaped from two different camera locations allowing full observation and recording of the wool handling tasks (Sutherland et al. 2007 , Pal et al. 2010 .
Video capture
Each videotape was captured to AVI digital format, with each wool handler's video file of 3 fleeces being sorted ranged from 4.5 to 9.0 minutes in duration dependent on level of skill. Each captured video trial was then analyzed using 3DMatch (University of Waterloo, Waterloo, Ontario, Canada) at the accepted sampling rate of 3 frames/sec (Andrews and Callaghan, 2003) .
Cumulative posture and force analysis
Cumulative moments about L4/5 were calculated by selecting previously validated sagittal, coronal and axial trunk posture bins (Sutherland et al, 2008) during each frame of the video, and included external 3D hand and upper limb forces, allowing the calculation of 3D moments about L4/5 joint. For a more detailed description of 3DMatch, refer to Gregory et al (2006) . Each full fleece was accepted as 55.0N of load with 5.6kg being the average accepted weight of a cross bred fleece in New Zealand (Rowland 2006) . Minor trimmings of wool undertaken during the skirting process were accepted as creating no more than 1.0N load, while wool containment baskets were accepted as a 10.0N force and the "belly" wool removed during the initial part of shearing generating no more than 5.0N. The moments calculated for each frame were integrated over the entire duration of sorting the 3 fleeces in order to determine cumulative loads, which could then be extrapolated to an 8-hour working day. No account was taken of the inertial loads experienced during handling
Statistical analysis
All analyses were undertaken wit hthe use of SPSS™ (V 16.0) statistical software. Table 1 , and explored for statistically significant differences between skill levels and LBP-Clin categories, and the postural and cumulative loading data are presented in Table 2 . (Altman, 1966, pp. 325-326 & 340-351) . This also allowed direct comparison with recently published shearing research that also explored the effects of skill and LBP-Clin. (Pal et al , 2010) .The statistically significant results for these multivariate analyses are presented in Tables 3 and 4 
Results
Anthropometric and work characteristics
The combined sample of 60 wool handlers had a mean age of 27.6 years, mean weight of 72.0kg, mean height of 1.65m, and mean BMI of 26.3kg/m 2 across all skill levels (Table 1) Insert Table 1 and severe axial twist respectively (Table 3) .
Insert Table 3 (Table 4) than the senior and Junior wool handlers. The models for these six variables respectively explain 14%, 8%, 10%, 15%, 17% and 14% of data variance. BMI, age and experience were also included in each of the multivariate load models but had no significant influence on the strength of these models.
Insert Table 4 about here
Discussion
The primary aim of this study was to explore how skill and a history of LBP-Clin affect contribution of the open class skill to the variance for these load models was not strong ranging from 8.0% to 17.0% (Table 4) .
It is interesting to observe that bivariate analysis showed no relationship between skill and LBP-Clin and any of age, experience, height, weight and BMI. This is different from the observed significant relationship between skill and LBP in shearers (Pal et al. 2010) . Although the medio-lateral and axial twist postures and loads were significantly greater for the wool handlers compared to the shearers the shearers had a substantially greater cumulative compressive and anterior shear force. Post hoc analysis also demonstrates a wool handler mean compressive force of 1691N and a 21N joint anterior shear force about L4/5, while for the shearers these were 2844N and 185N respectively. Thus the mean compressive and anterior shear forces for the shearers are 1.7 and 8.8 greater than that of the wool handlers and mean shearer compressive forces are within 83% of the NIOSH action limit of 3433N (Milosavljevic et al. 2004 , Gregory et al. 2006 ). (Pal et al. 2010) . Although these wool handler cumulative compressive loads are less than the shearers, it is important to note that they are still considerably greater than those described by Kumar (1990) and Norman et al (1998) for at risk health care (15MN.s) and auto assembly workers (20MN.s)
respectively (Gregory et al. 2006) . While shearers appear to carry high risk for LBPClin that is associated with sustained posture, substantial cumulative loads, each model it is acknowledged that some of the significant observations may be over-optimistic (Altman, 1966 pp. 349-351) .
Conclusions
Open class wool handlers spend more time in asymmetric lateral bend and axial twist postures and logically generate greater medio-lateral forces and lateral bend and List of Tables   Table 1 Summary of anthropometric and work characteristics of wool handlers by skill level Table 2 Summary percentage of time spent in various postures and the cumulative loads for each wool handler skill level Table 3 Stepwise multivariate analyses for both wool handler skill level and LBPClin on cumulative percent time in working postures at 95% CL Table 4 Stepwise multivariate analyses for both wool handler skill level and LBPClin on cumulative loads at 95% CL 
